INTRODUCTION
The involvement of axillary lymph nodes (LNs) is the most important prognostic factor in operable primary breast cancer and is strongly associated with both disease-free and overall survival [1, 2] . After curative breast surgery, the involvement of axillary nodes is examined to determine the use of adjuvant systemic therapy, which is strongly indicated in patients with axillary LN metastases. The absolute number of nodes involved is also considered when deciding on the use of radiotherapy according to current guidelines based on the tumor-nodemetastasis system; for example, if a patient has a pT2N1M0 cancer, radiation therapy is frequently omitted after modified radical mastectomy (MRM), even in node positive breast cancer patients. The field of radiation therapy is also influenced by the number of involved nodes; where four or more axillary LNs are involved, the radiation field is extended to include the supraclavicular area. Hence, radiation oncologists have severe doubts as to whether the absolute number of positive nodes is a suitable criterion for assessing the axillary nodal status to guide therapeutic choices and predict the prognosis of breast cancer patients.
Lymph node status is assessed by axillary lymph node dissection (ALND) and, often in daily practice, the extent of axillary dissection varies according to the surgeon. There is also heterogeneity in node examination. The Comprehensive Cancer Center North-Netherlands (CCCN) reviewed 4,806 axillary dissections. The number of reported positive nodes varied significantly between pathology laboratories. Generally, a more extensive surgical axillary dissection or histopathologic examination of the specimen resulted in a higher number of positive nodes [3] .
Several authors have noted this confusion and have suggested the use of a proportion or percentage of involved nodes [4] . A growing number of studies have found that a ratio-based classification of node involvement is a superior prognostic factor than the absolute numbers of involved nodes in breast cancer [4] [5] [6] [7] [8] [9] [10] [11] . To evaluate this issue, we examined the impact of the
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number of positive nodes, the number of dissected nodes and the proportion of involved nodes among all dissected nodes, i.e., the lymph node ratio (LNR), on recurrence and survival in breast cancer after other known prognostic factors had been taken into account.
METHODS

Patient population and treatment methods
The patients in this study were identified from a database of patients who received postoperative radiotherapy in Yeouido St. Mary's Hospital between 1987 and 2004. Eligible patients were those with primary breast cancer with positive axillary LNs after adequate ALND. Three hundred thirty females were enrolled in this study. None of the patients had evidence of distant metastases at the time of diagnosis, and all underwent breast conserving surgery or MRM including at least level l-ll ALND. The adjuvant treatment was a combination of chemotherapy, hormonal therapy and radiotherapy. The adjuvant treatment was done after operation and none of patients received neoadjuvant chemotherapy. The external beam radiation therapy was done in all patients using photon or electron beams. The ipsilateral breast or chestwall was irradiated. When 4 or more positive axillary nodes were presented, supraclavicular area was also treated. The internal mammary area was treated when preoperative radiological imaging defined the involvement of internal mammary LN. The Institutional Review Board of Yeouido St. Mary' s Hospital approved this retrospective study (The number of approval: SC10RESI0019).
Prognostic variables
In each patient, the following data were available from the medical records: age, menopausal status, type of operation, chemotherapeutic agents, hormonal and radiotherapy and pathology reports on the surgical specimen. The tumor factors analyzed were the histologic type, histologic grade, tumor size, the status of margin, lymphovascular invasion, the status of estrogen receptor (ER), progesterone receptor (PR) and c-erbB2 receptor. The LN factors analyzed were the number of positive axillary nodes, the number of dissected nodes and the LNR. The pathologic stage was classified according the 6th edition of the American Joint Committee on Cancer (AJCC) staging manual [12] .
The treatment outcomes were also evaluated. Local recurrence means recurrence in the ipsilateral breast or chest wall. Regional recurrence means recurrence in ipsilateral axillary, supraclavicular, infraclavicular or internal mammary nodes. The survival end event was defined as death from breast cancer.
Statistical analyses
Univariate analyses of survival were performed by the method of Kaplan and Meier. The curves for locoregional recurrencefree survival (LRRFS), distant metastasis-free survival (DMFS), disease-free survival (DFS) and disease-specific survival (DSS) were plotted. The significance of outcome differences was compared by the log-rank test.
After ascertaining that the LNR was significantly associated with DFS and DSS, various LNR cutoffs were evaluated, ranging from 0.05 to 0.95 at intervals of 0.05, by the minimum pvalue approach. We selected cutoff points at which the most significant difference in DFS and DSS was observed. The number of dissected nodes was also evaluated in the same way to find the most significant cutoff value that correlated with recurrence and survival.
Multivariate analysis was performed using Cox proportional hazard modeling with or without LNR as a covariate. A p-value of less than 0.05 was considered significant. Analyses were performed with SAS software version 9.1 (SAS Institute Inc., Cary, USA).
RESULTS
The median follow up was 7.5 years (range, 0.3-21.8 years). Table 1 summarizes the data on tumor and treatment characteristics of this study. The median age was 45 years (range, 23-77 years). The median number of nodes removed was 18 (range, 7-61 years). Most patients (95.5%) had at least 10 axillary LNs removed. The median number of involved nodes was 4 (range, 1-43). The median LNR was 0.28 (range, 0.03-1). Among 330 patients, adjuvant systemic therapy was completed in 328 patients (chemotherapy alone, 38.8%; hormone therapy alone, 3.9%; both chemotherapy and hormone therapy, 56.7%). The current treatment guideline consists of chemotherapy +/-trastuzumab +/-hormone therapy depending on hormoneand c-erbB2 receptor status. However, the status of c-erbB2 receptor was not routinely examined before 2000 in our institution and trastuzumab could not be considered for adjuvant therapy in this study period. All patients completed the course of radiotherapy. The median dose of radiation therapy was 50.4 Gy (range, 50.4-64.8 Gy).
Recurrence and survival outcomes
Overall, 28 patients (8.5%) experienced local recurrence, and 8 patients (2.4%) experienced regional recurrence. The combined LRR rate was 10.9% (n= 36 patients). DM occurred in 133 patients (40.3%). The corresponding 10-year Kaplan-Meier estimates (± standard error) were 89.2± 1.7% for LRRFS and 62.3± 2.7% for DMFS. The 10-year Kaplan-Meier DFS and DSS were 60.0± 2.7% and 55.5± 3.4%, respectively.
Cutoff values for LNR and dissected nodes
By the minimum p-value approach, 0.25 and 0.55 were selected as the most significant LNR levels correlating with DFS and DSS (p< 0.0001). The patients were classified into three groups: patients with LNR≤ 0.25, LNR 0.26-0.55, and LNR> 0.55, which represented 48.2%, 24.8%, and 27.0% of the study cohort, respectively. With respect to the numbers of dissected nodes, we could not find any value that correlated significantly with DFS and DSS in this study. Table 2 presents the comparisons of 10-year Kaplan-Meier LRRFS, DMFS, DFS, and DSS stratified by various prognostic factors. The LNR based classification was tested to predict the treatment outcome and survival. The LRRFS decreased with higher numbers of positive nodes and PR-negative status. The status of margin was not correlated with the LRRFS. The DMFS decreased with larger tumor size, higher number of positive nodes, higher LNR, higher histologic grade and PR-negative status. Larger tumor size, higher number of positive nodes, higher LNR, higher histologic grade, presence of lymphovascular invasion and PR-negative status were associated with decreased DFS and DSS. ER-negative status was correlated with decreased DSS but not with DFS.
Univariate analysis
Analysis of survival outcome by pN classification vs. LNR
The univariate Kaplan-Meier DFS estimates were compared between the groups defined by pN staging ( Figure 1A ) or by LNR ( Figure 1B ). The groups categorized by LNR yielded a significantly larger separation of the DFS curves compared with pN staging. The log-rank χ 2 associated with the LNR (p< 0.0001, log-rank χ 2 = 55.4) was larger than that of pN (p< 0.0001, log-rank χ 2 = 36.6), indicating a higher significance. Ten-year DFS was 71.2 ± 3.8% among patients with LNR ≤ 0.25, compared with 57.0± 5.7% and 28.5± 4.9% for those with LNRs of 0.26-0.55 and > 0.55, respectively (p< 0.0001). The DSS estimates were also compared between the groups stratified by pN staging ( Figure 1C ) or by LNR ( Figure 1D ). The log-rank χ 2 associated with the LNR (p< 0.0001, log-rank χ 2 = 50.2) was larger than that of pN (p< 0.0001, log-rank χ 2 = 34.6) and 10-year DSS was 74.5 ± 3.7% among patients with LNR ≤ 0.25, compared with 62.3 ± 5.7% and 33.5 ± 5.3% for those with LNRs of 0.26-0.55 and > 0.55, respectively (p< 0.0001). In addition, for stage III patients, the LNR based classification can distinguish subgroups more accurately than pN stage for DFS and DSS (Figure 2) . The statistical power of the LNR based classification (p< 0.0001, log-rank χ 2 = 25.2) for DFS was larger than pN staging classification (p= 0.0015, log-rank χ 2 = 13.1). The pN classification graphically showed a poorer prognostic separation. The pN1 and pN2 survival curves are close to one another (Figure 2A ), but the ratio-based curves are distinct from the early course of follow-up and remain separated, even at follow-up exceeding 20 years ( Figure 2B ). For DSS, similar findings were observed that the LNR based classification (p < 0.0001, log-rank χ 2 = 22.3) showed better stratification than the pN classification (p= 0.0031, log-rank χ 2 = 11.6).
Multivariate analysis
Cox regression analysis was performed to evaluate whether the LNR was associated with DFS and DSS. The results of multivariate analyses are presented in Table 3 . Histologic grade and the number of positive nodes were significant prognostic factors when the LNR was not included in the analysis. However, when the LNR was included in the model as a covariate, the The LNR based classification (B, D) yields a statistically larger separation of the curves (larger χ 2 ) compared to absolute number of the nodes (A, C).
LNR was highly significant (p < 0.0001) and the number of positive nodes lost its significance (p> 0.05). This means that, in this analysis, the LNR is a more significant prognostic factor than the absolute number of nodes.
Survival analysis by LNR in each stage
To determine whether the LNR had a prognostic significance on survival in each stage, we performed the survival analysis based on the LNR in patients with stage II and stage III, respectively. The LNR had a prognostic impact on DFS in both patients with stage II (p= 0.0392) and stage III (p< 0.0001). For the patients with stage III, the DSS was also significantly correlated with the LNR (p< 0.0001).
The survival outcome was analyzed by the LNR in each pN stage. The LNR had a prognostic significance on the DFS and DSS in both patients with pN1 and pN2. However, for the patients with pN3, the LNR was not associated with the survival. It might be attributed to that the group with pN3 and the LNR ≤ 0.25 consisted of only 1 patient. The results of above analyses were presented in Table 4 .
DISCUSSION
The lymphatic drainage of the breast moves primarily superiorly and laterally toward the axillary nodes. Lymphatic metastases to the axilla occur in an orderly fashion, with level I preceding level II, followed by level III. It is relatively uncommon to see a patient with level III node involvement in the absence of node involvement at lower levels [13] . Therefore, ALND is extended to level III nodes only if gross disease is apparent in the level I or II nodes.
To accurately stage the axilla, it is commonly recommended that ALND should clear the level I and II nodes with at least 10 nodes sampled. However, the recommendation to examine at least 10 nodes suffices only to determine nodal positivity or negativity. A mathematical model based on 1,446 complete axillary dissections has suggested that a minimum of 10 nodes needs to be removed to have a 93% predictive value that the remaining modes are clear [14] . There is a tendency for a higher number of dissected nodes to be associated with an increased chance of finding tumor positive nodes [3, 7, 8] . Kuru and Bozgul [15] reported that level I-III ALND to remove more than 20 nodes is needed for assessing the axillary nodal status by removal of more positive nodes. However, extensive ALND may result in pain, numbness, impairment of the range of motion of the shoulder or arm edema, all of which severely impair the patients' quality of life [16] . Thus, the extent of ALND has been more limited recently.
This limited extent of axillary dissection combined with radiation therapy was compared with the traditional full ALND. In the United Kingdom, axillary node sampling (ANS), which is widespread in clinical practice, needs at least four nodes removed from the axillary tail and the lower axillary fat to obtain 95% accuracy in staging the axilla. In the Edinburgh randomized trial, ANS showed a comparable axillary recurrence and overall survival with ALND up to level III. For node positive patients, the ANS group received postoperative radiotherapy.
There was no significant difference in axillary recurrence between ALND and ANS followed by radiotherapy. This suggested that the involved axilla could be effectively treated by radiotherapy. Morbidity associated with full ALND was decreased in the ANS group. Modern simulation techniques and shielding of the shoulder joint and capsule are likely to reduce shoulder morbidity after radiotherapy to the axilla [17] [18] [19] .
Since its recent introduction by Krag et al. [20] , the more targeted procedure of sentinel lymph node biopsy (SLNB) has become a safe and acceptable technique in patients with T1-2 clinically node negative breast cancer. If a positive sentinel node (SN) is found, it is recommended to continue with ALND. Even in locally advanced breast cancer, the feasibility and accuracy of SLNB has been investigated after neoadjuvant chemotherapy.
Because the absolute number of dissected nodes is decreasing because of the trend to minimize the extent of ALND, physicians could be concerned about underestimating the real number of involved nodes. Thus, an appropriate method to assess the nodal status is needed to allow the choice of the correct adjuvant therapy and predict the treatment outcome.
From the Surveillance, Epidemiology, and End Results (SEER) LNR=lymph node ratio; DFS=disease-free survival; DSS=disease-specific survival; HR=hazard ratio; CI=confidence interval; LVI=lymphovascular invasion; ER=estrogen receptor; PR=progesterone receptor. population data, the importance of LNR has been shown for many cancer sites including the esophagus [21] , colon [22] , and corpus uteri [23] . In breast cancer there is growing evidence establishing the prognostic value of the LNR. Woodward et al. [5] conducted a systematic review of 24 reports published between 1994 and 2005 that implicate a prognostic role for the LNR, using both prospective and retrospectively collected data sets. The LNR was confirmed to be superior to the number of involved nodes as a prognostic indicator. However, there is no clear consensus about the cutoff points that are required for a staging classification. The cutoff points to classify patients into two groups are 0.2 [7, 10] or 0.25 [8] , which were most significant for recurrence or overall survival. Several authors divided patients into three groups using cutoffs such as 0.33/0.67 [11] , 0.1/0.5 [4] or 0.25/0.5 [9] . The process for deciding such cutoff points was not described in their articles. Vinh-Hung et al. [6] identified 1,829 node-positive breast cancer patients from the Geneva Cancer Registry. They identified the cutoff points of 0.2 and 0.65, which were validated by a bootstrap procedure. They suggested that the LNR should be considered as an alternative to pN staging because of the stronger statistical power to predict breast cancer-specific survival as well as considering that there is, in practice, wide variation in axillary dissection and node examination in heterogeneous patient populations.
Ratio-based prediction is an emerging issue even in the field of SLNB. A recent Australian study highlights the predictive role of the involved SN ratio that has the largest effect on the odds of finding further axillary nodal involvement [24] . Barranger et al. [25] reported that the ratio of involved SN, primary tumor size and the size of the SN metastasis were independently predictive of non-SN involvement. Using the concept of the SN ratio, the predictors of tumor involvement in the remaining axillary nodes in SN positive breast cancers are being widely investigated. It is expected that more studies will demonstrate the prognostic impact of the SN ratio in the case of SLNB for early stage breast cancer.
Accurate staging information is very important for both patients and clinicians to assess the prognosis and to make informed decisions about breast cancer treatment. Our results are consistent with the findings of recent studies evaluating the relationship between LNR and survival for node positive breast cancer [4] [5] [6] [7] [8] [9] [10] . This study may be differentiated from other studies due to the subgroup analyses in each TNM stage and pN stage to evaluate the impact of the LNR. However, the present study has several shortcomings. First, the patient population was identified from the database of the department of radiation oncology and a few patients who had not received postoperative radiotherapy after MRM could not be included to the analysis. Second, it was a retrospective study that the surgical procedures and the methods of pathological examination could not be unified as in the prospective studies. Systematic LNR analysis from multi-institutional randomized patient data with validation in similar independent data sets is needed to define clearly the utility of LNR.
This study supports the hypothesis that, in patients with invasive breast cancer with positive axillary nodes, the ratio between the number of positive nodes and total numbers of dissected nodes is the most powerful predictor of the risk of recurrence and survival. The LNR showed a stronger association with DFS and DSS than did pN staging. The calculation of the LNR is easy and assists in the choice of adjuvant treatment and evaluation of the prognosis in the clinical setting. A future staging system should incorporate the LNR for accurate staging of axillary nodes to overcome the confusion arising from the number of dissected nodes in this era of minimally invasive axillary surgery.
